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Global routing:

• In global routing, the router connects nets in a 
coarsened grid graph.

• We use the augmented pattern routing algorithm 
introduced in CUGR2[1], and use the code base of 
InstantGR[2].

[1] Jinwei Liu and Evangeline F.Y. Young. 2023. EDGE: Efficient DAG-based GlobalRouting Engine. In ACM/IEEE Design Automation Conference (DAC). 1–6.
[2] Liang Xiao, Shiju Lin, Jinwei Liu, Qinkai Duan, Tsung-Yi Ho, and Evangeline F. Y.Young. 2025. InstantGR: Scalable GPU Parallelization for 3-D Global Routing. IEEE 
Transactions on Computer-Aided Design of Integrated Circuits and Systems(2025), 1–1. doi:10.1109/TCAD.2025.3573685
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Timing model:

• We use Elmore model to model the net delay.

• We focus on the net delay, and use a simplified 
timing model that calculates the arrival time of a 
cell’s output pin as the maximum arrival time of 
all inputs with a cell delay.
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Overview:

Key idea: Prioritize the most “important” 
wire segments.

To achieve this, we want to know the 
influence of a segment’s R,C on the timing 
results.

We then consider in two levels:
• Arc-level Gradient: To estimate how 

timing Arcs’ delay influence endpoints’ 
slack.

• Segment-level Gradient: To estimate 
how segments’ R,C influence Arcs’ delay. 
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Arc-level Gradient: 

Before calculating Arc-level gradient, we 
estimate the influence of endpoints arrival time

For TNS:
Each negative slack endpoint contribute once to 
the TNS. (negative slack endpoints are more 
important):

For WNS:
Inspired by [3] , we use LSE function to 
approximate WNS:

[3] Yi-Chen Lu, Zhizheng Guo, Kishor Kunal, Rongjian Liang, and Haoxing Ren.2025. INSTA: An Ultra-Fast, Differentiable, Statistical Static Timing Analysis Engine 
for Industrial Physical Design Applications. In 2025 62th ACM/IEEE Design Automation Conference (DAC).

According to this approximation, the gradient 
respect to an endpoint’s arrival time is as follows:
(Endpoints with more negative slack are more 
important for the WNS):
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Arc-level Gradient: 

We then backpropagate the “importance” from 
endpoints to the start points.

For a cell with multiple input pins, the pins with 
more negative slack are more important for the 
arrival time of the output pin:

For a net, the arrival time of the driver pin influences all 
sink pins. the gradient with respect to the driver pin’s 
arrival time is the sum of the gradient at all sink pins:
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Segment-level Gradient: 

 

Differentiating these two formula and grouping 
terms yields:

R,C are estimated by multiplying wirelength and unit 
length capacitance, unit length resistance.
The tree structure is based on Flute.
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Segment-level Gradient: 

Gradient on multi-sink nets:
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Timing-aware DAG-routing:

With Arc-level gradient and Segment-level gradient, we 
can calculate a “Resistance sensitivity” and a 
“Capacitance sensitivity” for each wire segment.

We integrate the timing optimization into global routing 
by modifying the segment cost:
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Power optimization:

We optimize the power via minimizing the switching power, which can be calculated as 
follows:

 

We use OpenROAD[4] to calculate the following power weight and add it to the original 
capacitance sensitivity.

[4] 2024. OpenROAD. https://github.com/The-OpenROAD-Project/OpenROAD.git. Accessed: April 2025.
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Timing results:
Compared with the first-place team, we achieve:
• 18.5% TNS improvement
• 14.3%  WNS improvement
with a 3.6% congestion overhead
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Power results:

Enabling the power optimization, our router 
further improves:
• 10.6% switching power
• 4.1% total power
• 0.884 contest score
with an 8.3% congestion overhead.
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